The issue of chromosome segregation is central to biology because it is a primary process in the inheritance of life. However, the precise biological background of chromosome segregation in prokaryotes and eukaryotes is so varied and complex that we are still a long way from understanding it completely. Indeed, a full understanding might still be decades away. That said, recent years have witnessed considerable progress in our understanding and so we organized this Royal Society Discussion Meeting in September 2004 as an attempt to bring together leading researchers to present their recent results in an open environment for discussion. We had hoped that the meeting would allow us to dissect and simplify the problem of chromosome segregation into relatively straightforward and solvable questions, and we are very pleased with the outcome, as evidenced by the contributing articles in this issue. Two of the papers provide insight into fascinating aspects of prokaryotic chromosome segregation mechanisms and the remaining papers deal with various, fundamentally important aspects in eukaryotic chromosome segregation.
Sister chromatids of eukaryotic chromosomes are made in the mother cell nucleus during the S-phase and separated upon the loss of cohesion in mitosis by the force generated by the spindle apparatus, moving toward the opposite spindle poles to form the daughter nuclei. The transmission fidelity of chromosomes from mother to daughter cells must be high. Gametes that receive too few or too many chromatids are either inviable or give rise to abnormal embryos and to frequent miscarriages. Dividing cells with abnormal numbers of chromosomes are frequently found in cancers.
Chromosome segregation must be very tightly regulated and the study of segregation mechanisms has often uncovered novel cell cycle controls. One of these is the spindle assembly checkpoint, which restrains destruction of securin and cyclin B when kinetochores are unoccupied by microtubules. Chromosome segregation involves a number of highly complex molecular assemblies. Condensed metaphase chromosomes and the mitotic spindle are the highly sophisticated supramolecular structures produced specifically for segregation during mitosis and meiosis of eukaryotic cells. The establishment and removal of cohesion between sister chromatids and the dynamic interactions between kinetochores and microtubules are some of the most enigmatic aspects of the segregation process.
Sister chromatid separation at the onset of anaphase requires two proteolytic steps, destruction of securin through APC (anaphase promoting complex)/cyclosome-dependent and ubiquitin-mediated proteolysis and the subsequent cleavage of cohesin's Scc1/Rad21 subunit by separase. The destruction of securin and mitotic cyclins occurs using the same destruction sequence motif so that anaphase segregation is coordinated with mitotic exit.
Chromosome segregation has a broad number of implications across large sections of biology and medicine. Although the papers in this issue are mostly focused on model organisms, we expect that the application of these emerging concepts will soon be applied to different organisms, including humans, in the future. We would be particularly pleased if younger researchers discover their own future research topics growing out of some of the ideas, mechanisms and discussions that are pulled together in this issue. 
